Abstract-Positron range limits the spatial resolution of PET images. It has a different effect for different isotopes and propagation materials, therefore it is important to consider it during image reconstruction, in order to obtain the best image quality. Positron range distribution was computed using Monte Carlo simulations with PeneloPET. The simulation models positron trajectories and computes the spatial distribution of the annihilation coordinates for the most common isotopes used in PET: 18 
I. INTRODUCTION
The range of positrons in tissue is an important limitation to the spatial resolution achievable in 3D PET [1] , [2] . Recent developments in detector technology have reduced crystal size and now there are small animal PET scanners with near 1 mm spatial resolution, such as the ARGUS [3] . This resolution is comparable to positron range of most commonly used isotopes (see Table I ). Positron range appears as a blurring of the reconstructed image. Based on measured positron range functions, Derenzo [4] proposed a method to remove the blurring in the reconstructed images in FBP. Recently, new methods to remove positron range have been developed using MAP during reconstruction [5] - [7] . In this work we account for positron range by modelling it effects during 3D OSEM reconstruction [8] .
Positron range in water has been measured experimentally for several medically important isotopes [2] , [9] , [10] . These measurements show considerable variation among authors, because the resolution of the detectors was comparable to positron range. This led to the use of Monte Carlo simulations to estimate positron range [1] , [11] , [12] . In this work we simulate positron interactions and subsequent annihilation, with the PeneloPET code [13] . The trajectories, annihilation points, radial and x-projection profiles have been obtained.
Acquisitions of an Image Quality phantom (IQ) [14] filled with different isotopes have been simulated for the ARGUS small animal PET scanner. We compare resolution versus noise properties of the images. Preliminary results using high positron energy isotopes show significant improvement in the spatial resolution of the reconstructed images, compared to reconstructions without positron range modelling.
II. METHODS

A. Monte Carlo Simulation
The continuum energy spectrum distribution of emitted positrons is easily computed from theoretical grounds [1] . Positron range depends mainly on the initial energy of the positron and the number of electrons in the absorber, i.e., material density [15] . We use PeneloPET [13] for simulating positron range. PeneloPET may deal with positron range in two ways:
1. Positron trajectory and initial energy are simulated for each positron coming from the decay process. This leads to accurate results, at the expense of increasing computation time.
2. The positron annihilation point is randomly chosen from pre-computed probability distributions.
Radial and axis-projection profiles of positron range for most used isotopes and materials are included with PeneloPET. Profiles for other isotopes and other materials can be easily added with the standard tools provided with PeneloPET.
B. Image reconstruction with positron range blurring
Positron range correction can be introduced in iterative image reconstruction in two ways: i) using positron range profiles obtained from Monte Carlo simulations as a blurring applied to the object or ii) introducing the effect of positron range in the System Response Matrix [8] . We take the first method, because in this case it is possible to adapt the blurring introduced as a function of the material properties (electronic density, effective Z) of the object in which positrons are annihilated.
The positron range corrected OSEM algorithm used in this work reads:
Where j x is the object blurred by positron range which we forward project. C, 15 O and 68 Ga isotopes have been simulated with PeneloPET. These simulated acquisitions have been reconstructed with a 3D-OSEM procedure [8] , with and without positron range modeling. To measure the image quality in our reconstructions, we compared the resolution and recovery coefficient [16] (RC) variation against noise of the image, for several iterations and subset choices.
In order to measure the effect of different materials in the positron range, we have simulated a cylinder phantom of 5 cm of diameter and 5 cm length, centered in the FOV, filled with water. It contains a 1 cm off-centered rod of bone material, 1 cm of diameter and the same length as the cylinder. Two point sources with low activity were simulated, placed at (1,0,0) cm inside water, and at (-1,0,0) cm inside bone, respectively. Table I shows mean and maximum range of positrons in water obtained with PeneloPET, compared to theoretical values [17] . Fair agreement is obtained for all isotopes. Fig. 1 shows the comparison of the IQ filled with 18 F images, obtained using 3D-OSEM, with and without positron range effects in the reconstruction. Fig. 2 shows the IQ filled with 68 Ga images, with and without positron range corrections in the reconstruction algorithm. In both cases, 10% noise (measured in uniform regions) images are compared. Table II shows the resolution and RC values for a certain level of noise, obtained for the 3 mm rod of the IQ phantom, filled with 68 Ga, reconstructed with 3D-OSEM with and without range corrections. Images were reconstructed using 20 iterations of 10 subsets keeping the result of each iteration. We can see a significant improvement in image quality (resolution and RC for a given noise level) when positron range is considered during the reconstruction, especially for higher energy isotopes. Ga line sources in water is larger than in bone, which causes an important difference in the respective heights of the activity profiles in bone and water. When positron range is modeled into the reconstruction, similar apparent size for the line source, and identical height of the activity profiles, are obtained for annihilations in the two materials.
III. RESULTS
A. Monte Carlo Simulation
The bone and water attenuation effects have not been taken into account in this work. 
IV. CONCLUSION
Positron range limits the spatial resolution of PET images. We model positron range effects in the 3D-OSEM reconstruction algorithm by means of a blurring kernel based on the material-dependent radial profile of the annihilation points obtained with PeneloPET simulations. This approach has a small computational cost, while it improves significantly the quality of the reconstructed images, rendering material dependent range corrected images for large positron range isotopes, like 
